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Abstract

Background: The genus Candidga includes about 200 different species, but only a few are

able to produce disease in humans. The species responsible for the highest proportion of human
infections is Candlida albicans. However, in the last two decades there has been an increase in the
proportion of infections caused by other Candida species, including C. glabrata (Nakaseomyces
glabrata), C. parapsilosis, C. tropicalis, C. krusei (Pichia kudriavzevi) and more recently C. auris.
Decolonization of patients has been used as an infection control strategy for bacterial infections,
but information about decolonization products used in clinical practice for Candida and other
fungal pathogens is limited. Compounds with antimicrobial activity, such as triclosan (TR), boric
acid (BA) and zinc oxide (ZO), are mainly used in personal care products. These products can

be used for long periods of time without an abrasive skin effect and are a possible alternative for
patient decolonization in health care settings.

Objective: The aim of this study was to evaluate the antifungal activity of boric acid (BA),
triclosan (TR) and zinc oxide (ZO), individually and combined, against clinically relevant Candida
species.

Materials and methods: Compounds to be screened for antifungal activity were evaluated

at different concentrations, alone, and combined, using a well diffusion assay. The statistical
evaluation was performed using analysis of variance (ANOVA) and a post hoc analysis using the
multiple comparisons method.

Results: Individually, BA and TR showed antifungal activity against all Candida species
evaluated but ZO did not show any antifungal activity. Mixtures of BA [5%] - TR [0.2%]; BA
[5%] - TR [0.3%]; BA [5%] - TR [0.2%] - ZO [8.6%]; and BA [5%)] - TR [0.2%] - ZO [25%)]
yielded the highest antifungal activity. An increased antifungal effect was observed in some
mixtures when compared with individual compounds.
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Conclusions: We demonstrated antifungal activity of BA and TR against multiple Candlida
species, including against a clade of the emerging healthcare-associated pathogen C. auris.
Additionally, this study shows enhancement of the antifungal effect and no antagonism among the
mixtures of these compounds. Further research is needed to determine whether these compounds
can reduce the burden of Candlida on skin.
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INTRODUTION

The genus Candida includes about 200 different species, but only a few are opportunistic
pathogens in humans. Candiaa species are found as part of the normal human microbiota of
the skin and the oral, gastrointestinal, and genitourinary tracts. Infections have a wide array
of clinical presentations from superficial infections of the mucosa to invasive infections
causing severe disease (1). Severe infections are associated with critically ill patients,
including patients with long-term hospitalization, immunocompromise, recent surgery,
especially multiple abdominal surgeries, exposure to multiple antimicrobial agents during
hospitalization, and those with invasive devices such as a central venous catheter (2).

Invasive infections caused by Candida are especially relevant in critically ill patients
hospitalized in intensive care units (ICU) (3). In European ICUs the incidence is estimated
at 7.07 episodes per 1000 ICU admissions, with a mortality of 42% (4). Invasive candidiasis
is recognized as the third leading cause of infection in ICUs worldwide, and the emergence
of novel species with multidrug resistance, like Candida auris, has become a serious public
health threat (5-8). Candida albicans is the most common species associated with invasive
fungal infections, but the proportion of non-albicans Candida infections has been steadily
rising, especially the species C. glabrata (Nakaseomyeces glabrata), C. parapsilosis, C.
tropicalis, C. krusei (Pichia kudriavzevi) and more recently C. auris (9,10). The majority

of Candlida infections are the result of inoculation with organisms carried in the gut or on
the skin of the patient. Less frequently, the infection occurs by exogenous transmission,
including the hands of healthcare workers, previously reported for C. parasilosis, or
environmental contamination as we are currently seeing with C. auris infections. Exogenous
contamination has been linked to Candida outbreaks in hospitals (11).

As part of infection control practices, decolonization of patients is an important control
measure for resistant multidrug pathogens (12). The Infectious Diseases Society of America
(IDSA), has published guidelines for decolonization of resistant microorganisms, such as
methicillin-resistant Staphylococcus aureus (MRSA). These guidelines recommend daily
chlorhexidine washes for 5 to 14 days or diluted bleach baths for 15 minutes twice a week
for 3 months (13). However, evidence of the efficacy of chlorhexidine for the decolonization
of skin containing colonizing Candida species is lacking. With the emergence of C. auris
more studies have evaluated compounds with the capacity to decolonize skin (6, 14).
Additionally, it is important to note that the prolonged use of chlorhexidine can generate

an abrasive effect on the skin, which can enable the development invasive infections (15).
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As an alternative, compounds with antimicrobial activity, which are mainly used in personal
hygiene products, such as foot powder and deodorants, can be used continuously without an
abrasive effect on the skin, and are recommended for daily and prolonged use. Within this
group of active compounds, triclosan (TR), boric acid (BA) and zinc oxide (ZO) are some of
the most commonly used (16). These compounds have different antimicrobial mechanisms.
Studies evaluating triclosan against bacteria showed that antibacterial activity occurs by the
blocking of lipid synthesis, through the inhibition of an enoyl-acyl carrier protein dependent
on NADH or Fabl (17) but not much is known about its mechanism of action against

fungi. Recently it was found that exposure of Schizosaccharomyces pombe to triclosan
produces more oxidative stress and less protection by efflux pumps (18). The mechanism of
action of boric acid is inhibition of oxidative metabolism causing a decrease in production
of cellular ergosterol and interfering in hyphae transformation by inhibiting apical growth
through cytoskeletal disruption (19). Zinc oxide acts by generating reactive oxygen species
(ROS), producing damage to the cell and the cellular components through oxidative stress
(20, 21). The individual activity of BA, TR and ZO has been described, but the increasing
or potentiating effect of the antimicrobial activity by combination of these compounds is
unknown.

The aim of this study was to evaluate the antifungal activity of BA, TR, and ZO individually
and in mixtures against clinically relevant Candlida species.

MATERIALS AND METHODS

Compounds.

Controls:

We evaluated boric acid (MERCK, reference: 1.00165.1000), triclosan (CHEMICALS LM,
reference: 3518VN) and zinc oxide (Protokimica, reference: 10225). Compounds were
prepared in different concentrations, individually and combined (Supplementary Table

1). Fifty grams of each of the compounds were prepared by the geometric dilution

method of mixing (22), using industrial talc as excipient (Protokimica, reference: GT-F-41)
to obtain the mixtures. Maximum concentrations were chosen based on the maximum
concentrations allowed by the European Commission Data Base for Information on
Cosmetics and Ingredients (COSING) (23). Minimum concentrations were selected based
on the concentration used in personal care products sold over the counter (OTC).

We used as a negative control industrial talc (Protokimica, reference: GT-F-41), and

as a positive controls antifungal discs with 0.5 pg/ul of amphotericin B (Bristol-Myers
Squibb, reference: 16049TB24) and 1.25 pg/ul of Fluconazole (Diflucan, Pfizer, reference:
A429304).

Candida species isolates:

isolates used to evaluate antifungal activity included: C. albicans (ATCC 90028), C.
tropicalis (ATCC 750), C. parapsilosis (ATCC 22019), C. glabrata (ATCC 64677),
currently name as Nakaseomyeces glabrata, and C. krusei (ATCC 6258), currently name
as Pichia kudriavzevi. Additionally, two Candida auris isolates from Colombian patients
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were provided by the Microbiology Group of the National Institute of Health (INS),
Bogota, Colombia (H0059-1-13-74 and H0059-1-87; South American, 1V clade). Antifungal
susceptibility of C. auris strains was performed by INS using reference Clinical and
Laboratory Standards Institute (CLSI) M27 methods.

Antifungal activity evaluation:

Susceptibility testing was performed using a modification of the antifungal disc diffusion
susceptibility test described in the CLSI standard M44-A2 (24). This modification replaced
antifungal discs by injection of the active ingredients into agar wells (25). A suspension of
the microorganisms was prepared from a pure subculture on Sabouraud agar (24-48 hours
of growth at 37 °C). Colonies were suspended in sterile 0.85% sodium chloride solution
(Corpaul, reference: 75808217), and adjusted to a 0.5 turbidity of McFarland, according to
the CLSI protocol (24).

Evaluation of antifungal activity was performed using Petri dishes with Mueller Hinton agar,
supplemented with glucose. The inoculum was first spread on the agar. A 9 mm diameter
punch was used to make a hole in the agar. Subsequently the wells were filled with 200 mg
of the active compounds or negative control. Antifungal discs on the surface of the agar were
also used as controls.

Petri dishes were incubated at 37 °C in aerobic conditions. Plates were read by measuring
of the zone of inhibition diameter. Reading was performed at 24 hours for C. albicans, C.
tropicalis, C. parapsilosis and C krusel, and at 48 hours for C. glabrataand C. auris.

Experimental design and statistical analysis:

Antifungal activity assays were performed at three different times, each time in duplicate.
Assay reproducibility was evaluated by calculation of the coefficient of variation. We
calculated mean zone of inhibition diameter (x) and standard deviations (SD) using ANOVA,
following by a post hoc analysis using the Bonferroni multiple comparisons method.
Statistical analysis was performed using GraphPad Prism version 4.

Ethics statement:

No ethical approval was required as the research in this article related to micro-organisms.

RESULTS

Negative controls had no antifungal activity against any Candiaaisolates tested with a 9 mm
zone of inhibition diameters (Figure 1, Table 1).

Fluconazole showed antifungal activity against most of the Candida isolates tested, with a
mean zone of inhibition diameter from 15.2 mm to 30.7 mm, depending on the species. All
isolates had prominent zones of inhibition when tested against amphotericin B, with a mean
halo greater that 17.2 mm. The exception was C. auris H0059-1-87 which appeared resistant
to amphotericin B, with 9.7 + 0.5 mm of inhibition (Table 1, Figure 1).
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All experiments were high reproducible (intra- and inter-assay coefficient of variation was
<20%). Due to the consistent antifungal activity of amphotericin B against nearly all
Candida species tested during this study, we used this control as a parameter to evaluate the
antifungal capacity of the evaluated compounds (26). Compounds with a zone of inhibition
diameter higher than the average of the amphotericin B control, calculated for each species,
were considered to have high antifungal activity, and compounds with zone of inhibition
diameters below the average of the amphotericin B control for each species were considered
to have low antifungal activity.

Figure 2 presents examples of the well diffusion method. Zone diameters for the tested
compounds and combinations ranged from 9 mm to 37.7 mm (Table 1 and Figure 1). The
antifungal effect varied by active ingredient -individual or in mixtures-, the concentration of
the compounds, and the Candida species tested. Data from individual compounds showed
that BA and TR produced inhibition zones for all concentrations and all species of Candida
analyzed. Nevertheless, BA at 1.9% did not produced an inhibition zone for C. glabrata and
C. auris H0O059-1-13-74. Zinc oxide produced no inhibition zones for any Candlidaisolates at
either 8.6% or 25% (Figure 1, Table 1).

Analyzing the individual antifungal activity of BA and TR in comparison with amphotericin
B, we found that BA [5.0%] produced the largest zones of inhibition for most of the
Candida species evaluated. The exception was with C. auris HO059-1-13-74 where BA
[5.0%] produced a slightly smaller inhibition zone than the amphotericin B control with
zone of inhibition diameters of 18 + 1.7 mm vs 19.8 £ 1.2 mm, respectively. Boric Acid
[1.9%]; TR [0.2%]; and TR [0.3%] inhibition zones were smaller than amphotericin B for
almost all strains except for C. kruseiand C. auris H0059-1-87 (Figure 1 and Table 1).

Once the active ingredients were evaluated in combination, some mixtures presented

a statistically significant enhanced antifungal effect compared with individual active
compounds. It is important to note that no enhancement was found in C. auris H0059-1-87
nor in C. krusei 6258, where the BA [5.0%] produced the largest zones, 29.3+1 and 36.5+1.6
mm, respectively. In both cases, and no mixture enhanced the effect in any Candida species.

When mixtures were compared with the amphotericin B positive control, high antifungal
activity was observed in all Candida species using two compound mixtures, BA [5%] -TR
[0.2%] and BA [5%] -TR [0.3%] with mean inhibition zones from 20.2 mm to 37.7 mm.
Adding ZO to these two mixtures, to produce a triple combination, neither enhanced nor
inhibited the antifungal activity.

The best results for C. aurisisolates were produced using the combination BA [5%]

-TR [0.2%] for C. auris H0059-1-13-74 with 28.3 + 2.1 mm, and BA [5%] alone for C.
auris H0059-1-87 with 29.3 + 1.0 mm. The mixtures of BA [5.0%] - TR [0.3%] and BA
[5.0%] - TR [0.2%] produced large inhibition zones for both clinical isolates of C. auris.
Additionally, C. auris H0059-1-13-74 was resistant to fluconazole by broth microdilution
and all the mixtures containing BA [5.0 %] produced larger zones than fluconazole but
comparable zones of inhibition to those produced for amphotericin B. In C glabrata, BA
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[5.0%] -TR [0.3%] and BA [5.0%] -TR [0.2%] also produced larger zones of inhibition than
amphotericin B (Figure 1, Table 1).

When the combinations were compared with active ingredients alone, some mixtures
presented enhanced antifungal effect. An example of this was BA [5.0%] — TR [0.3%]
—Z0 [25%] in C. tropicalis where the zone of inhibition of 28.2 £ 3.5 mm was larger
than those of BA [0.5%] or TR [0.3%] alone that were 21+£3.1 mm and 15.1+1.2 mm
respectively. This potentiated effect was notable with BA [5.0%] - TR [0.2%] and BA [5.0
%] - TR [0.3%], where both combinations had enhanced activity against C. g/abrata and
C. auris H0059-1-13-74 compared with BA [5.0%], TR [0.2%] or TR [0.3%] alone (Table
1). It is important to note that no enhancement was found for combinations against C.
auris H0059-1-87 nor in C. krusef 6258, and there was no combination that improved the
antimicrobial activity in all the Candida species (Table 1).

Reduction of the antifungal effect was observed when BA and ZO were tested in
combination. The major difference was observed in C. auris H0059-1-87 when ZO [8.6%]
was in combination with BA [5%], 15.8+ 1 mm inhibition zone, in contrast with 29.3+ 3.5
mm inhibition only using BA [5%]. Smaller differences were also observed in C. albicans,
C. krusei, C. tropicalis and C. glabratawhen BA and ZO were tested in combination.

DISCUSSION

Previous studies have shown the antifungal activity of BA (26, 19), TR (28), and ZO (29,
30). Evaluating the individual antifungal activity alone and in combination with antifungal
medications has shown both synergy and antagonism (31,32), but no studies have evaluated
the effects of the compounds themselves in combination. The present study analyzed the
antifungal activity of these compounds, alone and combined, against clinically relevant
Candida species.

In this study, most Candida strains were susceptible to amphotericin B, and given this low
resistance in general, this parameter was used to assign high or low antifungal activity of the
evaluated compounds or combinations. Antifungal activity of BA and TR was observed at
all concentrations and in all species of Candlidaanalyzed in this work, except with the BA
[1.9%] in C glabrataand C. auris H0059-1-13-74. Compared with amphotericin B inhibition
zone diameters, high antifungal activity was obtained with BA [5%] in five of the six species
and low antifungal activity was found in BA [1.9%], TR [0.2%] and TR [0.3%] in almost all
of Candidaisolates.

The antifungal activity of BA in the treatment of recurrent vaginal candidiasis has been
recognized for a long time. It has been used effectively at concentrations of 5%, which
agrees with the results obtained in our study (33, 34, 35). There are reports that evaluate

the /n vitro antimicrobial activity of BA against clinical isolates of Candida associated with
vaginal infections, but none using an antifungal diffusion susceptibility assay. Using broth
microdilution, Romano et al. obtained MIC values for BA ranging from 0.094% to 0.187%
against various Candidaisolates (27); De Seta et al, using an agar dilution method, found
that all isolates of Candidathey tested failed to form visible colonies on BA at 50,000 mg/L,
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a concentration comparable to ours. In the same study an MIC value of 3,125 mg/L by broth
microdilution was obtained for 96 of the tested strains showing the difference between the
testing method used (19).

There are a number of reports that evaluated the antimicrobial and antifungal activity of TR,
but not many evaluated Candida species and those that did used broth microdilution. In one
study, the MIC values reported for different Candida species ranged from 0.8 to 25 mg/L
(28). There have been found any studies which evaluated TR activity using a well or disc
diffusion assay.

No antifungal activity was observed for any of the ZO concentrations used against the
isolates evaluated in this study. /n vitro antimicrobial activity of ZO has been described
using the agar well diffusion of method, for instance, in oral pathogenic bacteria such as
S. aureus, E. coli, P. aeruginosaand E. faecalis (37). Recently, new Zinc (Zn) formulations
in nanoparticules with significant antibacterial and antifungal activity in a broad spectrum
of microorganisms, such as S. aureus and some Aspergillus species, have been described
(38, 39). The /n vitro antifungal activity of nano-ZO was evaluated by broth microdilution
against a standard strain of C. albicans. MIC and MFC of nano-ZO was recorded as 400
pg/mL. Nevertheless, the authors concluded that, ZO nanoparticles have anti C. albicans
properties and use for treatment of infections caused by this fungus should be investigated
(40).

The analysis of the dual and triple mixtures demonstrated an increased antifungal effect
compared with the results obtained for the individual compounds. The analysis of

all combinations and strains of Candida evaluated in this work showed that the four
formulations with high inhibitory capacity, superior even to amphotericin B, all contained
BA [5%] and had activity against all strains. These mixtures were BA [5.0%] - TR [0.2%],
BA [5.0 %] - TR [0.3%], BA [5.0%] - TR [0.2%)] - ZO [8.6%] and BA [5.0%] - TR [0.2%)] -
Z0 [25%)].

Although there are reports of the activity of BA [5.0%] as well as TR [0.2%] and TR
[0.3%] against different species of Candida (19, 28), there are no reports of their combined
activity. Several combinations of these compounds produced enhancement of the antifungal
activity against Candida species when compared with the active ingredient alone, showing
increased antifungal effect between BA and TR and between TR and ZO. It is important

to note that no combination showed antagonism. The overall activity of ZO was weak to
absent but it is worth noting that in C. albicans, C. tropicalisand C. auris H0059-1-13-74
some of the combinations containing OZ and TR showed increased antifungal effect (Table
1). Reduction of BA antimicrobial activity was observed in some mixtures with ZO, Shete
et al, described the conversion of ZO to zinc borate in presence of BA (41). This chemical
conversion probably occurred in our mixtures, and it could be the cause of the reduction in
antifungal activity.

The well diffusion method used in this this study was based on the CLSI disc diffusion
method (M44-A2), it is important to highlight that this is a simple, cheap, and robust
methodology that is widely used, especially in resource-limited settings. This method also
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allows the use of many different compounds, especially those that are insoluble in the broth
media used for susceptibility testing, like TR, BA and ZO (42). One of the disadvantages
of the well diffusion technique is that it does not allow to determination of synergy and

the FIC coefficient (43). In this study, an increased antifungal effect was observed with
some triclosan and boric acid mixtures, but the presence of a synergic effect could not be
determined by agar diffusion. Future studies aimed at obtaining the FIC coefficient, based
the minimum inhibitory concentration are need. Most of isolates used in this study come
from the ATCC collection, these isolates may not represent the susceptibility of clinical
isolates of Candida species. Further studies are necessary for evaluating the antimicrobial
activity of TR, BA and ZO in clinical isolates (6).

The results of this study provide a framework for additional areas of research towards patient
Candida decolonization in the hospital setting. As we said before, future investigation is
necessary to evaluate the antimicrobial activity of triclosan, boric acid and zinc oxide, and
combinations /n vivo. This study complements our knowledge of the antimicrobial activity
of these compounds and sets a standard for defining the minimum ranges of activity of these
active ingredients against various Candlida species.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGMENTS

The authors express their gratitude to the Faculty of Pharmaceutical and Food Sciences of the University

of Antioquia, Medellin, Colombia, to the Laboratory of Cellular and Molecular Biology, Corporacion para
Investigaciones Bioldgicas (CIB), Medellin, Colombia, o Patricia Escandén at the Microbiology Group of
Colombian National Institute of Health, Bogota, Colombia, and Shawn Lockhart at the Centers for Disease Control
and Prevention.

REFERENCES

1. Murray PR, Rosenthal KS, Pfaller MA. Medical Microbiology. Chapter 58: Pathogenesis of Fungal
Diseases. 2016. Eighth Edition. ESEVIER, PA.

2. Al-Dorzi HM, Sakkijha H, Khan R, et al.Invasive Candidiasis in Critically 11l Patients: A
Prospective Cohort Study in Two Tertiary Care Centers. J Intensive Care Med. Intensive Care Med.
20206;35(6):542-553. 10.1177/0885066618767835.

3. Schelenz SManagement of candidiasis in the intensive care unit. J Antimicrob Chemother.
20081;61Suppl 1:i31-4. 10.1093/jac/dkm430. [PubMed: 18063602]

4. Bassetti M, Giacobbe DR, Vena A, et al.Incidence and outcome of invasive candidiasis in intensive
care units (ICUs) in Europe: results of the EUCANDICU project. Crit Care. 2019614;23(1):219.
10.1186/s13054-019-2497-3. [PubMed: 31200780]

5. Vincent JL, Rello J, Marshall J, et al.International study of the prevalence and outcomes of infection
in intensive care units. JAMA. 2009122;302(21):2323-9. 10.1001/jama.2009.1754. [PubMed:
19952319]

6. Abdolrasouli A, Armstrong-James D, Ryan L, Schelenz S. In vitro efficacy of disinfectants
utilised for skin decolonisation and environmental decontamination during a hospital outbreak
with Candida aurfs. Mycoses. 201711;60(11):758-763. 10.1111/myc.12699. Epub2017 Sep 15.
[PubMed: 28872735]

Mycoses. Author manuscript; available in PMC 2022 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Gavilanes-Martinez et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Page 9

. Pinhati HM, Casulari LA, Souza AC, et al.Outbreak of candidemia caused by fluconazole resistant

Candida parapsilosis strains in an intensive care unit. BMC Infect Dis. 2016820;16(1):433. 10.1186/
$12879-016-1767-9. [PubMed: 27544427]

. Cortegiani A, Misseri G, Giarratano A, Bassetti M, Eyre D. The global challenge of Candida auris

in the intensive care unit. Crit Care. 201952;23(1):150. 10.1186/513054-019-2449-y. [PubMed:
31046836]

. Sobel JD. The emergence of non-albicans Candida species as causes of invasive candidiasis

and candidemia. Curr Infect Dis Rep. 2006;8(6):427-433. 10.1007/s11908-006-0016-6 [PubMed:
17064635]

. Jeffery-Smith A, Taori SK, Schelenz S, et al. Candida auris. a Review of the Literature.

Clin Microbiol Rev. 2017;31(1):e00029-17. Published2017 Nov 15. 10.1128/CMR.00029-17
[PubMed: 29142078]

Gong X, Luan T, Wu X, et al.Invasive candidiasis in intensive care units in China: Risk factors
and prognoses of Candida albicans and non-albicans Candida infections. Am J Infect Control.
2016;44(5):e59-e63. 10.1016/j.ajic.2015.11.028 [PubMed: 26781222]

Huang SS. Chlorhexidine-based decolonization to reduce healthcare-associated infections and
multidrug-resistant organisms (MDROs): who, what, where, when, and why?. J Hosp Infect.
2019;103(3):235-243. 10.1016/j.jhin.2019.08.025 [PubMed: 31494130]

Liu C, Bayer A, Cosgrove SE, et al.Clinical practice guidelines by the infectious diseases society
of america for the treatment of methicillin-resistant Staphylococcus aureus infections in adults and
children [published correction appears in Clin Infect Dis. 2011 Aug 1;53(3):319]. Clin Infect Dis.
2011;52(3):e18—e55. 10.1093/cid/ciq146 [PubMed: 21208910]

Ghannoum M, Herrada J, McCormick TS, Long L. A Novel Transdermal Application for
Clearing Skin Colonization by Candida auris. Antimicrob Agents Chemother. 202128:10.1128/
AAC.02303-20. Epub ahead of print.

Kuraitis D, Williams L. Decolonization of Staphylococcus aureus in Healthcare: A Dermatology
Perspective. J Healthc Eng. 2018;2018:2382050. Published2018 Dec 24. 10.1155/2018/2382050
[PubMed: 30675332]

Tadros TF. Formulations: In Cosmetic and Personal Care (de Gruyter Textbook). 1. General
introduction. 2016. Walter de Gruyter GmbH, Berlin. 10.1515/9783110452389.

Heath RJ, Rubin JR, Holland DR, Zhang E, Snow ME, Rock CO. Mechanism of Triclosan
Inhibition of Bacterial Fatty Acid Synthesis. J Biol Chem. 1999;274(16):11110-11114. 10.1074/
jbc.274.16.11110 [PubMed: 10196195]

Alvarez-Herrera C, Maisanaba S, Repetto G. Investigation of mechanisms of toxicity

and exclusion by transporters of the preservatives triclosan and propylparaben using

batteries of Schizosaccharomyces pombe strains. Environ Res. 2020;183:108983. 10.1016/
j.envres.2019.108983 [PubMed: 31810592]

De Seta F, Schmidt M, Vu B, Essmann M, Larsen B. Antifungal mechanisms supporting boric acid
therapy of Candida vaginitis. J Antimicrob Chemother. 2009;63(2):325-336. 10.1093/jac/dkn486
[PubMed: 19059942]

Liao WC, Lai CH, Chang Y'Y, Huang HL, Hsu JT (2009) Antimicrobial effects of Ag/TiO2
compound coatings and ZnO films on titanium based surface. In: Déssel O, Schlegel WC (eds)
World Congress on Medical Physics and Biomedical Engineering, September 7 — 12, 2009,
Munich, Germany. IFMBE Proceedings, vol 25/11. Springer, Berlin, Heidelberg.

Lipovsky A, Nitzan Y, Gedanken A, Lubart R. Antifungal activity of ZnO

nanoparticles--the role of ROS mediated cell injury. Nanotechnology. 2011;22(10):105101.
10.1088/0957-4484/22/10/105101. [PubMed: 21289395]

Mohr ME. Standards of practice for the pharmacy technician. Wolters Kluwer Health/Lippincott
William & Wilkins; 2010. 419 p.

European Commision. Cosmetic ingredient database. https://ec.europa.eu/growth/sectors/
cosmetics/cosingen.

Clinical and Laboratory Standards Institute (CLSI). Method for Antifungal Disk Diffusion
Susceptibility Testing of Yeasts; Approved Guideline—Second Edition, M44-Az2. Clinical and
Laboratory Standards Institute, Wayne, PA. 2009

Mycoses. Author manuscript; available in PMC 2022 September 01.


https://ec.europa.eu/growth/sectors/cosmetics/cosingen
https://ec.europa.eu/growth/sectors/cosmetics/cosingen

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Gavilanes-Martinez et al.

25

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 10

. Yigit N, Aktas E, Ayyildiz AAntifungal activity of toothpastes against oral Candida isolates. Asian
Pac J Trop Biomed. 2008;2(5):375-9. 10.1016/j.mycmed.2008.06.003.

Vincent BM, Lancaster AK, Scherz-Shouval R, Whitesell L, Lindquist S. Fitness trade-offs
restrict the evolution of resistance to amphotericin B. PLoS Biol. 2013;11(10):e1001692. 10.1371/
journal.pbio.1001692 [PubMed: 24204207]

Romano L, Battaglia F, Masucci L, et al.In vitro activity of bergamot natural essence and
furocoumarin-free and distilled extracts, and their associations with boric acid, against clinical
yeast isolates. J Antimicrob Chemother. 2005;55(1):110-114. 10.1093/jac/dkh503 [PubMed:
15574476]

Kampf G. Chapter 9:Triclosan. Antiseptic Stewardship. Springer. Cham. 2018.
10.1007/978-3-319-98785-9_9

Hindi NKK, Al-Hasnawy HH, and SA Kadhum. Antibacterial activity of some plant essential oils
against pathogenic bacteria with the efficacy of zinc oxide ointment against some skin infection.
Biochem. Cell. Arch. 2018;18(10):189-95

Pasquet J, Chevalier Y, Couval E, et al. Antimicrobial activity of zinc oxide particles on five
micro-organisms of the Challenge Tests related to their physicochemical properties. Int J Pharm.
2014;460(1-2):92-100. [PubMed: 24211859]

Movahed E, Tan GM, Munusamy K, et al. Triclosan Demonstrates Synergic Effect with
Amphotericin B and Fluconazole and Induces Apoptosis-Like Cell Death in Cryptococcus
neoformans. Front Microbiol. 2016;7:360. Published2016 Mar 21. 10.3389/fmich.2016.00360)
[PubMed: 27047474]

Higgins J, Pinjon E, Oltean HN, et al.Triclosan antagonizes fluconazole activity against Candida
albicans. J Dent Res. 2012;91(1):65-70. 10.1177/0022034511425046) [PubMed: 21972257]

Powell A, Ghanem KG, Rogers L, et al.Clinicians’ Use of Intravaginal Boric Acid Maintenance
Therapy for Recurrent Vulvovaginal Candidiasis and Bacterial Vaginosis. Sex Transm Dis.
2019;46(12):810-812. 10.1097/0LQ.0000000000001063 [PubMed: 31663976]

Paladine HL, Desai UA. Vaginitis: Diagnosis and Treatment. Am Fam Physician. 2018;97(5):321-
329 [PubMed: 29671516]

lavazzo C, Gkegkes ID, Zarkada 1M, Falagas ME. Boric Acid for Recurrent Vulvovaginal
Candidiasis : 2011;20(8).

Kalkanci A, Giizel AB, Khalil 11, Aydin M, llkit M, Kustimur S. Yeast vaginitis during pregnancy:
susceptibility testing of 13 antifungal drugs and boric acid and the detection of four virulence
factors. Med Mycol. 2012;50(6):585-593. 10.3109/13693786.2012.662597 [PubMed: 22369624]

Thosar NR, Chandak M, Bhat M, Basak S. Evaluation of Antimicrobial Activity of Two
Endodontic Sealers: Zinc Oxide with Thyme Oil and Zinc Oxide Eugenol against Root Canal
Microorganisms- An in vitro Study. Int J Clin Pediatr Dent. 2018;11(2):79-82. 10.5005/jp-
journals-10005-1489 [PubMed: 29991857]

Hindi NKK, Al-Hasnawy HH, and SA Kadhum. Antibacterial activity of some plant essential oils
against pathogenic bacteria with the efficacy of zinc oxide ointment against some skin infection.
Biochem. Cell. Arch. 2018;18(10):189-95.

S S, H LIK, KR, M S.Antimicrobial and antioxidant potentials of biosynthesized colloidal

zinc oxide nanoparticles for a fortified cold cream formulation: A potent nanocosmeceutical
application. Mater Sci Eng C Mater Biol Appl. 2017;79:581-589. 10.1016/j.msec.2017.05.059
[PubMed: 28629056]

Yousef JM, Danial EN. /n Vitro Antibacterial Activity and Minimum Inhibitory Concentration

of Zinc Oxide and Nano-particle Zinc oxide Against Pathogenic Strains. Journal of Health
Sciences2012;2(4):38-42. 10.5923/j.health.20120204.04).

Shete AV, Sawant SB, Pangarkar VG. Kinetics of fluid—solid reaction with an insoluble product:
zinc borate by the reaction of boric acid and zinc oxide. J. Chem. Technol. Biotechnol.
20045;79(5):526-53210.1002/jcth.1018.

Magaldi S, Mata-Essayag S, Hartung de Capriles C, Perez C, Colella MT, Olaizola C, Ontiveros
Y. Well diffusion for antifungal susceptibility testing. Int J Infect Dis. 20041;8(1):39-45. 10.1016/
j.1jid.2003.03.002. [PubMed: 14690779]

Mycoses. Author manuscript; available in PMC 2022 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Gavilanes-Martinez et al. Page 11

43. Doern CD. When does 2 plus 2 equal 5? A review of antimicrobial synergy testing. J
Clin Microbiol. 201412;52(12):4124-8. 10.1128/JCM.01121-14. Epub2014 Jun 11. [PubMed:
24920779]

Mycoses. Author manuscript; available in PMC 2022 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Gavilanes-Martinez et al.

Page 12

C. albicans C. tropicalis
50 50
— 40 — 40
£ (®) £
£ * g R Py o0 gc E
5 %] %3 g o 1. : @
- : o B T L 2 ¥ * 3 I Y W 2
€2 é? L3 @ ¥ = 53 7 €2 o © oom ¥ 3%“2‘” el
S e e g8 o ol = | a® §°% ggzef *° %a
10 .- A 101® P ° % -
ABCDEFGHI JKLMNOPQRSTUVWXYZ123 ABCDEFGHI JKLMNOPQRSTUVWXYZ123
C. parapsilosis C. glabrata
50 50
— 40 — 40
i (@) . & |z
g% s &% 3 o B2 P8 3 5 7 . &
3 3 * £ ° tié ®
'.Ezo % ‘ ® o ° & %?o '.Ego 3 i %o: LX) Y 063 %
= e® & ‘&&t,!_ ° £ e ® e ° 5 °
® @
10 o= 10 - oo -8 - -
ABCDEFGHI JKLMNOPQRSTUVWXYZ123 ABCDEFGHI JKLMNOPQRSTUVWXYZ1 23
C. krusei C. auris H0059 13-74
50 50
— 40 — 40
] $ s i WY f
E o E
c - o o o @ & - I3
.g“ &’ o 8% 3 o‘v.,%‘ .g3° @ o ®
Z 8 ap¥he, g & = H
£ 2 s = ol £ 200 $-%%% to %8 %
5 @ sh =T 3 e EAE & T
10 o= 10 - o= -- - -
ABCDEFGHI JKLMNOPQRSTUVWXYZ123 ABCDEFGHI JKLMNOPQRSTUVWXYZ123
C. auris H0059 13-87 TR: Triclosan (N) TR0.3% - ZO 25%
50 BA: Boric acid (0) BA 1.9% - ZO 8.6%
Z0: Zinc oxide (P) BA 1.9% - ZO 25%
(Q) BA 5% - ZO 8.6%
3 40+ (A) TR0.2% (R) BA 5% - ZO 25%
£ (B) TR0.3% (S) TR0.2% -BA 1.9 % - ZO 8.6%
T 304 "Q o (C) BA 1.9% (T) TR0.2% - BA 1.9 % - ZO 25%
8 k) % @ 8 (D) BA 5% (U) TR0.2% - BA 5 % - ZO 8.6%
3 3 $ ° * ® Bal © (E) Z0 8.6% (V) TR0.2% - BA 5 % - ZO 25%
£20]{ = TREN ¥aa-o AL PN (F) 2O 25% (W) TR 0.3% - BA 1.9 % - ZO 8.6%
= |® & € 3 (G)TR02%-BA19%  (X) TRO0.3%-BA 1.9 % - ZO 25%
- (H) TR0.2% - BA5 % (Y) TR 0.3% - BA 5 % - ZO 8.6%
LE ] - e () TR0.3% - BA 1.9 % (2) TR0.3% - BA 5 % - ZO 25%
(J) TR0.3% - BA5 %
(K) TR0.2% - ZO 8.6% (1) Talcum [negative control]
ABCDEFGHI JKLMNOPQRSTUVWXYZ1 23 (L) TR 0.2% - ZO 25% (2) Fluconazole [positive control]
(M) TR 0.3% - ZO 8.6% (3) Amphotericin B [positive control and cutoff]

Figure 1.
Antifungal activity of compounds against Candlida species.

Mycoses. Author manuscript; available in PMC 2022 September 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Gavilanes-Martinez et al. Page 13

Figure 2.
Some examples of well diffusion testing. (A) Candidatropicalis: 1) amphotericin B, 2 and

3) BA [1.9%]—[Z0 25%]. (B) C. tropicalis: 1 and 2) [ZO 8,6%], 3 and 4) [Z0 25%)], 5)
amphotericin B. (C) C. albicans: 1) amphotericin B, 2 and 3) BA [5%]—[TR 0.2%]—[Z0
25%)]
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